A novel endophytic actinobacterium, designated strain YIM 68236 T , was isolated from healthy leaves of Camptotheca acuminata. and characterized by using a polyphasic approach. Cells of this strain occurred singly, in pairs or in tetrads. It grew at 10-45 6C, at pH 5.0-8.0 (optimum pH 7.0) and in the presence of 0-3 % (w/v) NaCl. The DNA G+C content was 71.6 mol%. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain YIM 68236 T belongs to the genus Blastococcus. However, it differed from its closest relatives, Blastococcus aggregatus DSM 4725 T , Blastococcus saxobsidens DSM 44509 T and Blastococcus jejuensis DSM 19597 T in many phenotypic characteristics. Moreover, the DNA-DNA relatedness values between the novel isolate and the three above-mentioned type strains were 49.0±1.6 %, 46.1±3.2 % and 39.8±1.5 %, respectively. Based on comparative analysis of physiological and chemotaxonomic data, strain YIM 68236 T represents a novel species of the genus Blastococcus, for which the name Blastococcus endophyticus sp. nov. is proposed. The type strain is YIM 68236 T (5CCTCC AA 209045 T 5DSM 45413 T 5KCTC 19998 T ).
The genus Blastococcus was first proposed by Ahrens & Moll (1970) and then emended by Urzì et al. (2004) and Lee (2006) , respectively. At the time of writing, the genus Blastococcus comprises three species, Blastococcus aggregatus (Ahrens & Moll, 1970) , Blastococcus saxobsidens (Urzì et al., 2004) and Blastococcus jejuensis (Lee, 2006) , which were isolated from the Baltic Sea, limestone and a beach sand, respectively. In this study, we report a novel species isolated from Camptotheca acuminata, a traditional Chinese medicinal plant.
Healthy leaves of C. acuminata were washed in running water to remove soil particles and sterilized by the established procedure (Li et al., 2008) . After being surfacesterilized, the samples were sliced into pieces, followed by plating on TWYE agar (containing 0.25 g yeast extract, 0.5 g K 2 HPO 4 and 18 g agar l 21 tap water, pH 7.2) containing nalidixic acid (25 mg l 21 ), nystatin (50 mg l 21 ) and cycloheximide (50 mg l 21 ) to repress growth of Gramreaction-negative bacteria and fungi. The plates were incubated at 28 u C for 4-6 weeks until the outgrowth of endophytic actinobacterial strains was discerned. Colonies originating from leaf segments were selected and pure cultures were obtained by repeated streaking on medium YIM 38 [10 g malt extract, 4 g yeast extract, 4 g glucose, vitamin mixture (containing 0.5 mg each of thiamine-HCl, riboflavin, niacin, pyridoxine-HCl, inositol, calcium pantothenate and p-aminobenzoic acid and 0.25 mg biotin), 20 g agar; pH 7.2] . The purified strain YIM 68236 T was maintained on tryptic soy agar (TSA) slants at 4 u C and as 20 % (v/v) glycerol suspensions at 280 u C.
Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Li et al. (2007) . Multiple alignments with sequences of the most closely related actinobacteria were carried out using the CLUSTAL X 1.8 program (Thompson et al., 1997) . Phylogenetic trees were reconstructed by the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971 ) and maximum-likelihood (Felsenstein, 1981) tree-making algorithms by using the software packages MEGA version 5.0 (Tamura et al., 2011) and PHYLIP version 3.6. The stability of relationships was assessed by performing bootstrap analyses with 1000 resamplings (Felsenstein, 1985) . The values for sequence similarity among the most closely related strains were determined using the EzTaxon-e server Database (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Levels of DNA-DNA hybridization were determined according to the fluorometric micro-well method (Ezaki et al., 1989; He et al., 2005) . One of two coupled DNAs for hybridization was labelled while the other was immobilized and the experiment was repeated five times.
Almost complete 16S rRNA gene sequence (1435 bp) of strain YIM 68236 T was generated. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain YIM 68236 T belongs to the genus Blastococcus ( Fig. 1 Gram staining was carried out by using the standard Gram stain and cell motility was confirmed by the development of turbidity throughout a tube containing semisolid medium (Leifson, 1960) . Motility was tested by the hanging-drop technique (Skerman, 1967) using phasecontrast microscopy (Olympus). Microscopic observations of strain YIM 68236 T grown on ISP2 medium for 3-7 weeks at 28 u C were made by light microscopy (BH 2; Olympus) and scanning electron microscopy (Quanta 200; FEI). Growth was tested at 4, 10, 15, 20, 28, 37, 40, 45 and 55 u C on ISP2 medium by incubating the cultures for 15 days. The ability of the strain to grow at different pH values (pH 4, 5, 6, 7, 8, 9, 10 and 11, using the buffer system described by Xu et al., 2005) and NaCl concentrations (0, 1, 2, 3, 4, 5, 7, 10, 12, 15 and 20 %, w/v) was examined at 28 u C for 15 days. The utilization of a variety of substrates as sole carbon sources was tested using GP2 microplates from the Microlog system (Biolog), which contained 95 substrates. Cells were grown for 3 days at 28 u C on ISP 2 medium and suspended in TSB medium. An aliquot (150 ml) of the suspension was transferred to each well and the plates were incubated for 48 h at 28 u C. Reduction of the tetrazolium dye was determined by reading the A 590 of the microtitre plates using a microplate reader. Catalase and oxidase activities and starch hydrolysis were assessed as described by Smibert & Krieg (1994) . Media and procedures used for the determination of other physiological characteristics and nitrogen source were as described by Gordon et al. (1974) . The following tests were performed with API 20NE strips (bioMérieux): nitrate reduction, indole production, glucose fermentation, arginine dihydrolase, urease, aesculin degradation, gelatin hydrolysis and b-galactosidase. Other physiological and biochemical properties were tested with API 20NE and API ZYM strips (bioMérieux) according to the manufacturer's instructions.
Strain YIM 68236 T was a non-motile, Gram-stain-positive actinobacterium. The colour of colonies was white up to 5 days of culture, then turned to pink and lastly became black. Cell morphology was characterized by coccoid cells occurring singly, in pairs or in tetrads, often tending to form aggregates. Bud formation, germ tubes and long filaments were not observed ( Fig. S4 ). Strain YIM 68236 T could grow at 10-45 u C, at pH 5-8 (optimum pH 7) and in the presence of 0-3 % (w/ v) NaCl, but not in 4 % NaCl. Other physiological characteristics are given in Table 1 and in the species description. Polar lipids were extracted, examined by two-dimensional TLC and identified using previously described procedures (Minnikin et al., 1979; Collins & Jones, 1980) . Menaquinones were isolated according to the method of Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983) . Cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. Fatty acid methyl esters were analysed by using the Microbial Identification software package (Sherlock Version 6.1; MIDI database TSBA6). The G+C content of the genomic DNA was determined by using the HPLC method (Mesbah et al., 1989) .
The peptidoglycan of isolate YIM 68236 T contained mesodiaminopimelic acid, while the whole-cell sugars detected were arabinose, galactose, glucose, mannose, rhamnose and ribose. The predominant menaquinone was MK-9(H 4 ) (91.2 %), with MK-8 (4.6 %) and MK-9(H 6 ) (4.2 %) as minor components. The major polar lipids determined were phosphatidylcoline (PC), phosphatidylethanolamine (PE) and phosphatidylinositol (PI), along with minor or trace amounts of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylinositolmannoside (PIM), four unidentified phospholipids and one glycolipid (Fig. S3 ). The major fatty acids (.10 %) were iso-C 16 : 0 (25.7 %), iso-C 15 : 0 (21.4 %), C 18 : 1 v9c (18.4 %). The DNA G+C content was 71.6 mol%. The chemotaxonomic data for the novel isolate most closely matched those of members of the genus Blastococcus but also showed some notable differences (Table 2 ).
In view of the combination of morphological, physiological, chemotaxonomic and phylogenetic data discussed here, it is evident that strain YIM 68236 T belongs to the genus Blastococcus. Differences in some phenotypic characteristics and their phylogenetic distinctiveness distinguish the strain from previously described species of the genus Blastococcus.
For example, there are differences in utilization of Larabinose and arbutin. They can also be differentiated based on the colour of colonies (white-pink-black), the temperature range (10-45 u C) and the presence of MK-8. On the basis of data described above, strain YIM 68236 T represents a novel species of the genus Blastococcus, for which the name Blastococcus endophyticus sp. nov. is proposed. Lee (2006) . DData from Urzì et al. (2004) . dSummed features represent groups of two or more fatty acids that cannot be separated by the Microbial Identification System. Summed feature 3 consists of C 16 : 1 v7c and/or C 16 : 1 v6c. b-galactosidase, N-acetyl-b-glucosaminidase, a-mannosidase and b-fucosidase. According to the results given by Biolog GP2 microplates, L-arabinose, arbutin, D-ribose, Tween 40 and Tween 80 can be used as sole carbon sources, but not acetic acid, adenosine, N-acetyl-D-glucosamine, Nacetyl-b-D-mannosamine, D-arabitol, dextrin, 29-deoxyadenosine, D-fructose, L-fucose, gentiobiose, glycogen, Lglutamic acid, D-glucose 6-phosphate, DL-a-glycerol phosphate, glycerol, a-hydroxybutyric acid, b-hydroxybutyric acid, c-hydroxybutyric acid, inulin, a-ketovaleric acid, Dmannose, melibiose, D-mannitol, methyl a-D-galactoside, methyl a-D-glucoside, methyl a-D-mannoside, succinic acid, D-tagatose, turanose, xylitol and D-xylose. Whole-cell hydrolysates contain meso-diaminopimelic acid as the diagnostic diamino acid and arabinose and galactose as diagnostic sugars. The predominant menaquinone is MK-9(H 4 ), with MK-8 and MK-9(H 6 ) as minor components. The polar lipids contain DPG, PC, PE, PG, PI and PIM.
Description of
The type strain, YIM 68236 T (5CCTCC AA 209045 T 5DSM 45413 T 5KCTC 19998 T ) was isolated from leaves of Camptotheca acuminata collected in Yunnan Province, south-west China. The DNA G+C content of the type strain is 71.6 mol%
